Objective: To assess the characteristics of biochemical recurrence in the late period (>5 years after radical prostatectomy) and the differences in the predictors of biochemical recurrence in different periods, we conducted a multicenter retrospective study. Methods: We reviewed 478 men who underwent radical prostatectomy for clinically localized prostate cancer. All of the patients were followed up for at least 5 years. The cohort was then divided into three groups; no recurrence group, recurrence <5 years after surgery group and recurrence ≥5 years after surgery group. The background characteristics of each group were compared using the χ 2 test. A Cox multivariate regression analysis was performed to determine the predictors of biochemical recurrence in each period.
Introduction
In 2013, 1.4 million men were affected with prostate cancer, which is the most common of male-specific cancer, and 290,000 men died from prostate cancer, which was the sixth leading cause of cancer death in males, in the world (1) . At the same time, men with localized prostate cancer who receive appropriate treatment can expect long-term survival. Radical prostatectomy (RP), which has been performed safely since Reiner et al. reported an anatomical approach to the surgical management of the dorsal vein, remains one of the most efficacious treatment modalities (2) (3) (4) . After surgery, surveillance is conducted by periodic prostate-specific antigen (PSA) monitoring. PSA elevation, which is termed biochemical recurrence (BCR), occurs in 15-33% of patients (5) (6) (7) . Because BCR has been reported to lead to distant metastasis and cancer death, it is necessary for men with BCR to undergo salvage therapy or to be followed up closely (5, 8) .
While BCR usually occurs in early period (within 5 years after RP), some cases occur in the late period (>5 years after RP) (7, 9) . Although it has been reported that the backgrounds of patients with BCR differ according to the period after surgery in which BCR occurs (7, 10) , it remains controversial whether the prognosis differs according to the time of recurrence (5, 6) . With regard to salvage therapy for BCR, most patients in past studies about salvage therapy suffered from recurrence in the early period after BCR (11) (12) (13) . It is therefore unknown whether salvage therapy for BCR in the late period is necessary or when treatment should be administered to such patients. In spite of the lack of knowledge about BCR at ≥5 years after surgery, because of the possibility of distant metastasis, patients should be followed up for a long period of time and there is no evidence as to when surveillance can be safely ended; however, the probability of BCR advancing to life-threatening disease might differ according to the period of recurrence (14) .
There are some reports about predictors of BCR at <5 years after surgery (15, 16) . In contrast, there have been few studies on predictors of BCR at ≥5 years after surgery (14) . At present, RP has been widely performed for a long time, thus there are many long-term survivors undergoing RP and it is important to recognize the predictive factors of BCR, not only in the early period after surgery but also in the late period. We conducted a multicenter retrospective study to assess the different predictors of BCR in the different periods.
Patients and methods
We reviewed 478 men who underwent open retropubic RP for clinically localized prostate cancer without neoadjuvant hormonal therapy at four hospitals from 1999 to 2009. All of the patients were followed up for at least 5 years after RP. The four hospitals are all hub medical institutions for cancer treatment in their respective prefectures in Japan. The present study was approved by the institutional review board of the National Hospital Organization Kyushu Cancer Center.
After RP, PSA measurement was performed every few months and radiographic imaging was not routinely conducted. Because this was a retrospective analysis, the follow-up protocols were not predetermined and the schedules of PSA measurement were determined by each physician. Postoperative therapy, including adjuvant or salvage treatment, was administered to 114 men during the follow-up period. In all cases, this involved radiation therapy to the prostate bed or hormonal therapy. The treatment modality was determined by the individual physicians.
BCR was defined as a single PSA level of ≥0.2 ng/ml or the initiation of postoperative therapy for a PSA level of <0.2 ng/ml, because until 2010, the Japanese classification of prostate cancer defined BCR after RP as three consecutive PSA increases (17) . Thus, some of the patients who received postoperative therapy had a PSA level of <0.2 ng/ml. The date of BCR was defined as the day when the PSA level increased to ≥0.2 ng/ml for the first time after RP or when salvage treatment was initiated while the PSA level was <0.2 ng/ml. If the PSA level had never been reduced to <0.2 ng/ml after RP, then the date of the surgery was defined as the date of BCR. Metastases were diagnosed based on the review of computed tomography, magnetic resonance imaging or bone scan images. The physicians performed diagnostic imaging when the PSA level increased.
The Kaplan-Meier method was used to estimate the BCR-free survival rate at 5 and 10 years after RP. The patients in whom BCR occurred during the follow-up period were divided into three groups. The first group contained men who did not undergo BCR; the second group contained men in whom BCR occurred at <5 years after RP; the third group contained men in whom BCR occurred at ≥5 years after RP. The background characteristics of each group were compared using the χ 2 test. The background characteristics of men who received postoperative therapy were compared according to their PSA level at the initiation of the additional treatment, with the χ 2 test used to compare categorical variables and Student's t-test used to compare continuous variables. A Cox multivariate regression analysis was performed to test the association of clinical or pathological parameters with BCR at <5 years and ≥5 years after RP. The covariates included the preoperative PSA level, the margin status, the pathological T stage and the Gleason score. Hazards ratios and the corresponding 95% confidence intervals were determined for each covariate. Two-sided P values of <0.05 were considered to indicate statistically significant differences. All of the analyses were performed using the JMP ® Pro software package (version 9.0.2, SAS Institute, Inc., Cary, NC, USA).
Results Table 1 shows the characteristics of the 478 patients. The median follow-up period was 7.5 years (range: 5.0-15.6 years). A total of 135 patients had BCR. In 113 (84%) of the patients, BCR occurred at <5 years after RP; in 22 (16%) patients BCR occurred at ≥5 years after RP. The 5-year and 10-year recurrencefree survival rates were 76.3 and 67.9%, respectively (Fig. 1) .
The preoperative PSA level, margin status, pathological features and incidence of distant metastasis in each group are shown in Table 1 . The proportion of patients in whom the preoperative PSA level was >10 ng/ml and seminal vesicle invasion was significantly larger in patients with BCR at <5 years after RP than in patients with BCR at ≥5 years after RP. There were no significant differences between the two groups in the margin status or pathological features, including extracapsular extension (EPE) and Gleason score. Postoperative therapy was administered to a significantly higher proportion of the patients with BCR at <5 years after RP. With respect to the prognosis, there was no difference between the two groups in the incidence of metastasis and no patients died of prostate cancer in this cohort.
Postoperative therapy was administered to 114 men. Table 2 shows their characteristics. Thirty-eight (33%) men received postoperative therapy before the PSA level increased to 0.2 ng/ml. Their preoperative PSA and pathological features were not significantly different from those of the men who underwent postoperative therapy with a PSA level of ≥0.2 ng/ml (Table 2A) . On the other hand, they were less favorable than those of men in whom BCR did not occur (Table 2B) .
The multivariate analysis revealed that a preoperative PSA level and a positive surgical margin were significant predictors of BCR at <5 years after RP (HR: 1.03 and 3.20) (Table 3A) . On the other hand, among 365 patients in whom BCR did not occur for 5 years after RP, a positive surgical margin was the only significant predictor of BCR at ≥5 years after RP (HR: 3.03) (Table 3B) .
Discussion
Fifteen to thirty-three of patients who undergo RP for clinically localized prostate cancer are reported to experience BCR (5-7). Although 77-94% of BCR occurs within the early (<5 years after RP), it can also occur in the late period (≥5 years after RP) (7, 9) . Similarly to previous studies, BCR occurred in 135 of the 478 patients in the present cohort; in 113 (84%) cases, BCR occurred at <5 years after RP, while in 22 (16%) cases, BCR occurred at ≥5 years after RP. The latest case of BCR occurred 11.4 years after RP.
The accumulated evidence regarding the prognosis of patients with BCR at ≥5 years after RP is insufficient. Loeb and Caire reported that cases in which BCR occurs at ≥5 years after RP are less likely to progress to metastasis or cancer death than cases in which BCR occurs at <5 years after RP (7, 10) . On the other hand, Boorijian reported that the time from RP to BCR was not significantly associated with the risk of systemic progression or cancer-specific mortality (5). However, this issue remains controversial. The background characteristics of patients with BCR, including the preoperative PSA, pathological stage and margin status, differ according to the timing of BCR (7,10); thus, the prognosis after BCR may differ according to the periods from RP to BCR. At any rate, BCR that occurs at ≥5 years after RP has the potential to progress to metastasis or cancer death, so it is necessary for patients who undergo RP to be followed up for a long period of time, and for salvage therapy to be administered in some cases.
Some studies have reported that the preoperative PSA, a positive surgical margin, pathological stage and other factors are predictors of BCR (18) (19) (20) . In line with previous reports, we found that the preoperative PSA and a positive surgical margin were predictors of BCR at <5 years after RP. When we investigated the patients in whom BCR occurred at ≥5 years after RP, a positive surgical margin remained a predictor of BCR but the preoperative PSA did not. Ahove conducted similar research and concluded that the pathological stage and Gleason score were predictors of BCR at ≥5 years after RP (14) . This finding was completely different from our results.
Because there are only a few reports about the predictors of late BCR, it is difficult to suggest a reason for this difference. On one hand, the Kaplan-Meier curves in their study showed that the patients with a high Gleason score or a high pathological stage (such as pT3b) experienced BCR at ≥5 years after RP. On the other hand, in our cohort, BCR in such patients usually occurred at <5 years after RP and there were only a few cases of BCR at ≥5 years after RP. Similarly, a report about the prognosis of Japanese patients after RP noted that among patients with a high Gleason score or a high pathological stage, BCR usually occurred at <5 years after RP (20) . Although this discrepancy may be due to racial differences, the accumulation of further evidence is necessary to discuss this problem.
High preoperative PSA and a positive surgical margin have been reported to predict BCR in the early period (18, 20) . In our study, the preoperative PSA level was a predictor of BCR in the early period, while patients with a positive surgical margin continued to develop BCR for a long period of time. It has been demonstrated that in patients with a positive surgical margin, the tumor grade at the site of the positive margin has prognostic value and that the Gleason score of the RP specimen is associated with PSA velocity (21, 22) . Considering these reports, it is hypothesized that among the cases with a positive surgical margin, the cases with a high tumor grade at the site of the positive margin undergo BCR in the early period after RP because of their high PSA velocity, while those with a low tumor grade at the site of the positive margin undergo BCR in the late period because of their low PSA velocity. Although, further studies on the relationship of the tumor grade at the margin site and the period from RP to BCR are required, it is necessary to follow-up cases in which there is a positive surgical margin for a long time after RP. The present study is associated with some limitations. First, some patients received postoperative therapy when their PSA was <0.2 ng/ml. This is partly because, until 2010, the Japanese classification of prostate cancer defined BCR after RP as three consecutive increases in the PSA level regardless of the absolute value. Thus, these patients received early postoperative therapy; however, their preoperative PSA level and pathological features were as unfavorable as those of the men whose PSA levels increased to 0.2 ng/ml after RP. Moreover, their preoperative PSA level and the rates of patients with a positive surgical margin, EPE, SVI and pN were significantly higher than those of the men in whom BCR did not occur. Thus, early BCR was expected to occur in these patients and the effects of the early postoperative therapy on the results are thought to be acceptable.
Second, we did not discuss overall survival because of the short follow-up period and the absence of cancer-related mortality. Although the examination of the prognosis was insufficient, the elevation of the PSA level after RP has been reported to precede clinical recurrence or distant metastasis. It is therefore reasonable to set BCR as an endpoint for exchange (8) .
Last, although the follow-up protocol was not predetermined due to the retrospective nature of the study, the results can be generalized because it was a multicenter study and all of the participating institutions were hub medical institutions that provide cancer treatment for their respective prefectures in Japan.
Conclusion
Sixteen percent of BCRs occurred at ≥5 years after RP. Although the preoperative PSA levels of the patients were relatively low, there was one case that advanced to metastasis. Because a positive surgical margin was the predictor of BCR at <5 and ≥5 years after RP, cases that involve a positive surgical margin should be followed up for a long period of time.
